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Description 

The present invention is a hydrosilation process where a silicon hydride is reacted with an unsaturated reactant 
in the presence of a platinum catalyst and an accelerator selected from acetylenic alcohols, silated acetylenic alcohols 
5 and acetylenic ethers. The accelerators are especially useful for the hydrosilation of unsaturated reactants where the 
unsaturation is in the internal portion of the reactant's structure, for example, as in cyclopentene and cyclohexene and 
are effective in the presence or absence of oxygen. 

It is known in the art to produce organosilicon compounds by reacting a silicon hydride containing compound with 
an unsaturated organic compound in the presence of a catalyst. This reaction is typically referred to as hydrosilation 
10 or hydrosilylation. Typically, the catalyst is platinum metal on a support, a platinum compound generally in a solvent 
or a platinum complex. 

In U.S. Patent 2,823,218, a method for the production of organosilicon compounds by reacting an Si-H with a 
compound containing aliphatic carbon atoms linked by multiple bonds in the presence of chloroplatinic acid is taught. 
U.S. Patent 3,220,972, teaches a similar process, however, the catalyst is a reaction product of chloroplatinic acid. 

is One of the major problems known in the art with hydrosilation reactions is the deactivation of the catalyst prior to 

completion of the reaction. One method for reactivation of the catalyst has been to expose the reaction mixture to 
oxygen. For example, U.S. Patent 4,578,497, teaches the use of an oxygenated platinum containing catalyst for use 
in hydrosilating alkylsilanes. U.S. Patent 5,359,111 , discloses a method for controlling hydrosilation reaction mixtures 
by controlling the solution concentration of oxygen in the reaction mixture, relative to the platinum present in the reaction 

20 mixture. 

EP-A- 0 510 957 describes a hydrosilation method comprising reacting a silicon hydride with an olefinically un- 
saturated material in the presence of a platinum catalyst using cyclodextrin to enhance the rate of olefin addition. 

In addition to the problem of deactivation of the platinum catalyst, hydrosilation processes taught in the art are not 
particularly effective in hydrosilating internal unsaturated bonds in organic molecules. We have unexpectedly found 
2$ that acetylenic alcohols, silated acetylenic alcohols, and acetylenic ethers can act as accelerators for platinum catalyzed 
hydrosilation processes. The accelerators improve yield of the process in the presence or absence of oxygen and are 
particularly effective in facilitating the hydrosilation of internal unsaturated bonds of organic molecules. 

The present invention is a hydrosilation process where a silicon hydride is reacted with an unsaturated reactant 
in the presence of a platinum catalyst and a novel accelerator. The hydrosilation process comprises contacting 

30 

(A) a silicon hydride described by formula R 1 a H b SiCl4_ a . b (1 ), where each R 1 is independently selected from alkyls 
comprising one to 20 carbon atoms, cycloalkyls comprising four to 12 carbon atoms and aryls; a=0 to 3, b=1 to 3, 
and a+b=1 to 4; and 

(B) an unsaturated reactant selected from (i) unsaturated organic compounds, (ii) silicon compounds comprising 
35 unsaturated organic substituents, and (iii) mixtures of (i) and (ii); 

in the presence of a platinum catalyst selected from platinum compounds or platinum complexes, and an accelerator 
selected from acetylenic alcohols described by formulae 

R 2 -(CR 6 2 ) f -CHC-C-OH (2), 

R J 

45 

OH 

I 

R 2 - ( CR 6 2 ) £ -CsC- C- ( CH 2 ) n -[ (3), 



55 



r 



C=C-C-OH 
R 3 



(4) 
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OH 
I 



CHC-C-(CH 2 ) n -| 



(5), 



silated acetylenic alcohols described by formulae 



70 



15 



2_ 



(CR 6 2 )*-CHC-C-0 

R J 



SiR 4 c H d Cl 4 . c _ d _ e (6), 



20 



- ! C=C-C-OSiR 4 c H d Cl 3 _ c _ d 



R 



(7), 



25- 



acetylenic ethers described by formulae 



30 



. 2 -(R 6 7 ) f -CsC-C-OR 5 



(8) 



35 and 



■■• • • ; i • « 



f„ « .... -,-'.* » --S"f £i* s ;-. : 



40 



CSC-C-OR 5 
R 



- # - . 



(9) 



45 where R 2 is selected from hydrogen, hydroxy!, substituted and unsubstituted alkyls comprising one to 20 carbon atoms, 
and substituted and unsubstituted alkoxys comprising one to 20 carbon atoms, each R 3 is independently selected from 
hydrogen, alkyls comprising one to 20 carbon atoms, cycloalkyls comprising four to 20 carbon atoms, and aryls; each 
R 4 is an independently selected alkyl or cycloalkyl comprising no more than 20 carbon atoms, R 5 is selected from 
monovalent hydrocarbon radicals comprising one to 20 carbon atoms and heterocyclic hydrocarbon radicals having a 

so carbon to oxygen bond, each R 6 is independently selected from hydrogen and R 1 , c=0 to 3, d=0 to 3, c+d=0 to 3, e=1 

to 4, f=0 to 1 0, and n=4 to 1 2. 

The contacting of the silicon hydride with the unsaturated reactant is effected in standard type reactors for con- 
ducting hydrosilation processes. The contact and reaction may be run as a continuous, semi-continuous, or batch 
reaction. 

ss Silicon hydrides which are useful in the present process are described by formula (1), where each R 1 is independ- 

ently selected from alkyls comprising one to 20 carbon atoms, cycloalkyls comprising four to 12 carbon atoms, and 
aryls; a=0 to 3, b=1 to 3, and a+b=1 to 4. R 1 is a substituted or unsubstituted alkyl, cycloalkyl or aryl as described. 
In formula (1 ) it is preferred that each R 1 be independently selected from alkyls comprising one to six carbon atoms. 
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Even more preferred is when each R 1 is methyl. Examples, of silicon hydrides described by formula (1) which are 
useful in the present process include trimethylsiiane, dimethylsilane, triethylsilane, dichlorosilane, trichlorosilane, meth- 
yldichlorosilane, dimethylchlorosilane, ethyldichlorosilane, cyclopentyldichlorosilane, methylphenylchlorosilane and 
(3,3,3-trifluoropropyl)dichlorosilane. Examples of preferred silicon hydrides described by formula (1) include methyl- 
5 dichlorosilane and dichlorosilane. 

The silicon hydride is contacted with an unsaturated reactant selected from a group consisting of (i) unsaturated 
organic compounds, (ii) silicon compounds comprising unsaturated organic substituents and (iii) mixtures of (i) and 
(ii). For purposes of this invention, "unsaturated" means that the compound contains at least one carbonorbon double 
bond. 

10 Specific examples of the unsaturated reactants useful in the present process include unsubstituted cycloalkene 

compounds comprising at least four carbon atoms, substituted cycloalkene compounds comprising at least four carbon 
atoms, linear alkene compounds comprising two to 30 carbon atoms, branched alkene compounds comprising four to 
30 carbon atoms, and mixtures of two or more of any of the above. 

Possible substituents of the unsaturated organic compounds or of the silicon compounds comprising the unsatu- 

is rated organic substituents include alkyl groups, such as alkyl groups, aryl groups, particularly phenyl, halogen 
such as chlorine, fluorine and bromine, oxygen in the form of acids, anhydrides, alcohols, esters and ethers, and 
nitrogen. 

The substituted and unsubstituted cycloalkene compounds useful in the present process are those containing one 
or more unsaturated carbon-carbon bonds in the ring. The unsubstituted cycloalkene compounds may be cyclobutene, 

20 cyclopentene, cyclohexene, cycloheptene, cyclooctene, cyclopentadiene, 1,3-cyclohexadiene and 1,3,5-cyclohep- 
tatriene. Substituted unsaturated compounds useful in the invention may be 3-methylcyclopentene, 3-chlorocy- 
clobutene, 4-phenylcyclohexene and 3-methylcyclopentadiene. The preferred cycloalkene compounds are cyclohex- 
ene and cyclopentene, with cyclohexene being the most preferred. 

Other unsaturated organic compounds useful in the present process are linear and branched alkenyl compounds 

25 including, for example, compounds with terminal unsaturation such as 1 -hexene and 1 ,5-hexadiene, compounds with 7 „ . 

internal unsaturation such as trans-2-hexene and unsaturated aryl containing compounds such as styrene and <x- 
methylstyrene. 

The unsaturated reactants may also comprise halogen, oxygen in the form of acids, anhydrides, alcohols, esters 
and ethers; and nitrogen. Two or more of the above described unsaturated organic compounds may be used in the 
30 present process. 

The unsaturated organic compounds comprising halogen include vinyl chloride, ally! chloride, allyl bromide, allyl 
iodide, allyl bromide, methallyl chloride, trichloroethylene, tetrachloroethylene, tetrafluoroethylene, chloroprene, vinyli- 
dene chloride and dichlorostyrene. 

Suitable unsaturated organic compounds comprising oxygen include ethers such as allyl and vinyl ethers; alcohol^ ^ rMvM 
35 such as allyl alcohol (Vinyl carbinol), methylvinylcarbinol and ethynyldimethyl-carbinol; acids such as acrylic, meth- 
acrylic, vinylacetic, oleic, sorbic and linolenic; and esters such as vinyl acetate, allyl acetate, butenyl acetate, allyl 
stearate, methylacrylateTethylcrotonate, dially succinate and dially phthalate. Suitable nitrogen containing unsaturated . . , .in- 

organic compounds include, for example, indigo, indole, acrylonitrile and allyl cyanide. 

Specifically included within the definition of unsaturated organic compounds are those substituted by organof unc- ... , . . .... 

40 tional moieties such as CH^CHCH 2 OC(0)C(CH 3 )=CH 2l CH 2 =CHCH 2 NHCH 2 CH 2 NH 2 , CH 2 =CHCH 2 NH 2 , 



45 



CH 2 s= CHCH 2 OCH2CH-CCH2 , 



CH2=CHCH 2 SH, CH2=CHSi{0(CH 2 ) 2 OCH 3 }3, CH2=CHCH 2 N(HCI)HCH 2 CH 2 NHCH 2 (C 6 H 4 )CH=CH 2 , and similar such 
compounds. 

The unsaturated organic compound is a silicon compound comprising substituted or unsubstituted organic sub- 
50 stituents as described by, for example, formulae (CH 2 =CH(CH 2 ) g ) h R 1 iSi(OR 1 ) 4 . h _i and (CH2=CH(CH 2 ) g ) h R 1 iSi-CI 4 . h _j, 
where R 1 is as previously described, g=0 to 12, h=1 C^j, where R 1 is as previously described, g=0 to 12, h=1 to 3, 
i=0to 3 and h+i=1 to 4. 

Prior to contact of the silicon hydride with the unsaturated reactant, it may be preferable to treat or purify the 
unsaturated reactant. Methods useful for treating or purifying the reactants are those known in the art for treating or 
55 purifying unsaturated organic compounds, and include, but are not limited to, distillation or treatment with an adsorbent 
such as activated alumina or molecular sieves. 

The relative amounts of silicon hydride and unsaturated reactant used in the present process is varied within wide 
limits. Although one unsaturated carbon-carbon linkage per silicon bonded hydrogen atom is stoichiometric, there is 
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no requirement that the process be run under stoichiometric conditions. Generally, it is preferred that the process be 
run with a stoichiometric excess ot silicon hydride. Preferred is when the process is run with 0.1 to ten percent stoichi- 
ometric excess of silicon hydride. However, in some situations for safety reasons, it is preferred to run the process with 
an excess of unsaturated reactant, for example when the silicon hydride is dichlorosilane. 
5 The silicon hydride and unsaturated reactant are contacted in the presence of a platinum catalyst selected from 

platinum compounds or platinum complexes. Any platinum containing material, which effects the reaction between the 
silicon hydride and an unsaturated carbon-carbon bond of the unsaturated organic compound, is useful in the present 
invention. Examples of useful platinum catalysts in the present process are described in U.S. Patents 4,578,497; 
3,220,972 and 2,823,218. 

10 The platinum catalyst is chloroplatinic acid, chloroplatinic acid hexahydrate, Karstedt's catalyst ( i.e. a complex of 

chloroplatinic acid with sym-divinyltetramethyldisiloxane), dichlorobis^riphenylphosphineJplatinumCII), cis-dichlorobis 
(acetonitrile)platinum(ll), dicarbonyldichloroplatinum(ll), platinum chloride and platinum oxide. 

A preferred platinum catalyst is selected from the group consisting of chloroplatinic acid, chloroplatinic acid hex- 
ahydrate, and platinum vinylsiloxane complexes such as a neutralized complex of chloroplatinic acid or platinum dichlo- 

15 ride with sym-divinyltetramethyldisiloxane. 

Generally, those concentrations of platinum catalyst which provide one mole of platinum metal per billion moles 
of unsaturated carbon-carbon bonds added to the process by the unsaturated reactant are useful in the present process. 
A preferred concentration of platinum catalyst is that providing one to 1000 moles of platinum metal per 1 X 10 6 moles 
of unsaturated carbon-carbon bonds provided to the process by the unsaturated reactant. Concentrations of platinum 

20 catalyst providing as high as one mole of platinum metal per one thousand moles of unsaturated carbon-carbon bonds 
added to the process by the unsaturated reactant are highly preferred. Higher concentrations of platinum may be used 
if desired. 

The platinum catalyst may be dissolved in a solvent for ease of handling and to facilitate measuring the small 
amounts typically needed. Suitable solvents include non-polar hydrocarbon solvents such as benzene, toluene, and 

25 xylene and polar solvents-such as alcohols, ketones, glycols and esters. - . . . 

The present process is carried out in the presence of an accelerator selected from a group as described above by 
formulas (2) through (9). The substituent R 2 is selected from a group consisting of hydrogen, hydroxyl, substituted and 
unsubstituted alkyls comprising one to 20 carbon atoms, and substituted and unsubstituted alkoxys comprising one to 
20 carbon atoms. Preferred is when R 2 is selected from hydrogen or alkyls comprising one to six carbon atoms. Sub- 

30 stituent R 2 can be a substituted alkyl, for example, hydroxyethyl, 2-ethoxyethyl and 1-methyl-1-hydroxyethyl. R 2 can 
also be hydrogen, methyl, ethyl, propyl, iso-butyl, hydroxyethyl, 1-methyM -hydroxyethyl, and hexyl. Preferred is when 
R 2 is hydrogen. Each substituent R 3 is independently selected from a group consisting of hydrogen, alkyls comprising 
one to 20 carbon atoms, cycloalkyls comprising four to 20 carbon atoms, and aryls. R 3 can be, for example, hydrogen, 
• methyl, ethyl, propyl, iso-butyl, cyclopentyj^cycjohexyl and phenyl. Preferred is when each R 3 is independently selected f 

35 from a ; group consisting of hydrogen, alkyls comprising one to 6 carbon atoms, and phenyl Each substituent R 4 is;am'W:rs?~r 
independently selected alkyl or cycloalkyl comprising no more than 20 carbon atoms. Preferred is when R 4 is selected 
from meth^J or cytlopentyL R 5 is selected from monovalent hydrocarbon radicals comprising one to 20 carbon atoms .^i*^c-. • 
or heterocyclic hydrocarbon radicals having a carbon to oxygen bond. R 5 can be, for example, alkyls such as methyl, 
ethyl.-tert-butyl; cycloalkyls such as cyclopentyl or cyclohexyl;- aryls such as phenyl or naphthyl; and heterocyclic hy- v _. .. . . 

40 drocarbons such as tetrahydrof uranyl. Each substituent R 6 is independently selected from hydrogen or R 1 as previously 
described. Preferred is when R 6 is hydrogen. 

In the silated acetylenic alcohols described by formulas (6) and (7), c has a value of zero to three, d has a value 
of zero to three, and c plus d has a value of zero to three. In formula (6), e has a value of one to four. Preferred is when 
e has a value of one. 

45 in the acetylenic alcohols described by formulas (3) and (5), n has a value of four to 12. Preferred is when n has 

a value of four or five. 

In the acetylenic alcohols described by formulas (2), (3), (6) and (8), f has a value of zero to ten. Preferred is when 
f is a value of zero to four. 

A preferred accelerator for use in the present process is selected from a group consisting of 2-methyl-3-butyn- 
50 2-0I, silated 2-methyl-3-butyn-2ol, 1 -ethynyl-1 -cyclohexanol and 3,5-dimethyM -hexyn-3-ol. 

An effective concentration of the accelerator is added to the present process, where an effective concentration is 
one that facilitates initiation of the reaction between the silicon hydride and the unsaturated organic compound, accel- 
erates the rate of the reaction, or reduces loss of reactivity of the catalyst in the process. A useful effective concentration 
of accelerator is generally within a range of 0.01 to 20 weight percent of the weight of the unsaturated reactant. Preferred 
55 is when the accelerator is 0. 1 to ten weight percent of the unsaturated reactant. The accelerator may be added to the 
process as a pre-mix with the platinum catalyst or separately. 

The temperature at which the present process is conducted is generally within a range of -10°C. to 220°C. It is 
preferred to conduct the process at a temperature within a range of 15°C. to 170°C. The most preferred temperature 
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for conducting the process is within a range of 30°C. to 150°C. 
Example 1 

5 A variety of acetylenic alcohols, silated alcohols and acetylenic ethers were evaluated for their ability to accelerate 

the reaction of methyldichlorosilane with cyclohexene in the presence of a platinum catalyst. 

A stock mixture was prepared in an argon purged and blanketed bottle. The stock mixture comprised four molar 
percent excess of methyldichlorosilane in cyclohexene which had been treated with 13X molecular sieves. Next, 6 x 
1 0" 5 moles of platinum, as a platinum divinylsiloxane complex, per mole of cyclohexene was added to the stock mixture. 

10 Aliquots of this catalyzed stock solution were then transferred to argon-purged glass tubes which contained accelerators 
of the structures provided in Table 1 at a concentration of 1 weight percent of the cyclohexene added to the tube. The 
tubes were heat sealed under argon purge and heated at 80°C. for three hours. At the end of three hours, the tubes 
were cooled and the contents analyzed by gas chromatography using a thermal conductivity detector (GC-TC). The 
results of this analysis are reported in Tables 1 and 2 as the normalized area percent of methyl(cyclohexyl)dichlorosilane 

is (MeC H SiCI 2 ) under the GC-TC trace. The data was normalized by using the area under the GC-TC trace minus the 
area of the cyclohexene as 100 percent. In the Tables, the heading "Formula Type" refers to the formulas as numbered 
in the specification. 



Table 1 



20 


Acetylenic Alcohols and Ethers as Accelerators For Platinum Catalyzed Addition of MeHSiC^ to Cyclohexene 


Type 


Formula Type 


Structure 


Area% 


R2 


R3 


R3 




n 


25 


. Alcohol 


. (2). . 


H 


H 


H 




m 


87.2 






(2) 


H 


H 


Me 






98.5 






(2) 


Et 


H 


H 


m 




94.9 






(2) 


H 


H 


Ph 




m 


85.8 


30 




(2) 


H 


Me 


Me 






98.4 






(2) 


H 


Me 


J-bu 






99.7 






(2) 


HO-Et 


Me 


Me 






98.5 


■ *. . 




(4) 


„. t >i ..... 


' -Me*** 

* ' 


. . . - 






95.4 i 






(3) 


H 








5 


99.5 






' (3) 


Me 






z - • ■ .<■-.'• 


' 5 • 


' "70.9 






(3) 


Et . 


* • * 




-w ... 


4 


86.5 


40 




(5) 










5 


70.2 




Ether 


(8) 


H 


Me . 


Me 


THF 




84.7 




Blank 


(Ave. n=5) 












35.6 



45 

Table 2 



Silated Acetylenic Alcohol Accelerators for Platinum Catalyzed Addition of MeHSiClg to Cyclohexene 


Formula Type 


Structure 


Area(%) 




R 3 


R 3 


R* 


c 


d 


(6) 


H 


Me 


Me 


Me 


3 


0 


98.2 




H 


Me 


Me 




0 


1 


8.4 




H 


Me 


Me 




0 


0 


51.3 



55 

In Tables 1 and 2, Me is methyl, Et is ethyl, Ph is phenyl, i-bu is isobutyl, HO-Et is 1-methyl-1-hydroxyethyl and 
THF is tetrahydrofuranyl. 
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Example 2 



10 



15 



The ability of 2-methyl-3-butyn-2-o1 (MBO) to accelerate the reaction of dichlorosilane with cyclopentene in the 
presence of a platinum catalyst was evaluated. 

A stock mixture was prepared in an argon purged and blanketed bottle. The stock mixture comprised 11 .2 weight 
percent of dichlorosilane in cyclopentene. A platinum divinylsiloxane complex providing a final concentration of plati- 
num, based on dichlorosilane, as described in Table 3 (Pt ppm) was added to the stock mixture. Aliquots of this catalyzed 
stock solution were then transferred to argon-purged glass tubes and MBO was added at the concentrations described 
in Table 3. The concentration of MBO (%MBO) is given as a weight percent of the total weight of the mixture. The tubes 
were then heat sealed under argon purge and heated for the times and temperatures described in Table 3. At the end 
of the heating period the tubes were cooled to room temperature and the contents analyzed by GC-TC. The results of 
this analysis are also reported in Table 3 as the area percent under the GC-TC trace for each addition product. 

Table 3 



2-Methyl-3-butyn-2-ol as Accelerator For Platinum Catalyzed Addition of H 2 SiCI 2 to Cyclopentene 





Pt (ppm) 


%MBO 


T(min.) 


°C 


Area % 












CpH 2 SiCI 


CpHSiCI 2 


CpSiCI 3 


Cp 2 HSiCI 


Cp 2 SiCI 2 


20 


200 
200 


0.1 
1.0 


120 
60 


120 
120 


0.64 
0.00 


5.30 
11.30 


0.50 
0.50 


0.00 
0.00 


0.20 
0.00 


25 


1000 
1000 
1000 
1000 


0.5 
0.5 
0.5 
1.0 


30 
60 
120 
60 


120 
120 
120 
120 


0.27 
0.70 
0.59 
0.00 


12.60 
9.30 

11.20 
0.00 


0.60 
0.50 
0.60 

* o:oo " 


0.10 
0.10 
0.20 
" 0.00 


0.60 
0.30 
0.16 
11.50 




2000 
2000 
2000 


0.0 
1.0 
1.0 


10 
10 
960 


24 
24 
24 


0.00 
0.00 
0.16 


1.95 
13.80 
12.90 


0.00 
0.60 
0.60 


1.60 
0.00 
0.16 


0.00 
0.00 
4.10 


30 


2000 
2000 


1.0 
1.0 


15 
30 


120 
120 


0.00 
0.16 


1.79 
1.39 


1.30 
0.90 


0.45 
0.50 


13.00 
15.80 



35 
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45 



SO 
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In Table 3,^Cpjs cyclopentyl. 
Example 3 



The ability of 2-methyl-3-bLtyn-2oi (MBO) to accelerate the reaction of methyldichlorosilane with cyclooctene was 

evaluated. , , . .. _ 

A stock mixture was prepared in an argon purged and blanketed bottle. The stock mixture comprised 52 weight 
percent methyldichlorosilane in cyclooctene which had been treated with 13X molecular seives. A platinum divinylsi- 
loxane complex was added to the stock mixture to provide a platinum concentration of about 58 ppm in the stock 
mixture. Aliquots of this catalyzed stock mixture were then transferred to argon-purged glass tubes and MBO was 
added to provide a concentration of 1 weight percent of the total weight of the mixture. The tubes were then heat sealed 
under argon purge and heated at 120°C. for the times sealed under argon purge and heated at 120°C. for the times 
reported in Table 4. At the end of the heating period, the tubes were cooled to about room temperature and the contents 
analyzed by GC-TC. The results of this analysis areare reported in Table 4 as the area percent under the GC-TC trace 
for cyclohexylmethyldi-chlorosilane. 



Table 4 


2-Methyl-3-butyn-2-ol as Accelerator For Platinum Catalyzed Addition of MeHSiCI2 to Cyclooctene 


Time (h) 


MeC 8 H 15 SiCI 2 (Area%) 


3.0 


8.9 


5.5 


13.4 


22.0 


16.6 
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Table 4 (continued) 



2-Methyl-3-butyn-2-ol as Accelerator For Platinum Catalyzed Addition of MeHSiCI2 to Cyclooctene 


Time (h) 


MeC 8 H 15 SiCI 2 (Area%) 


5.5* 


27 



*Control-no accelerator added. 



Claims 

1 . A hydrosilation process comprising contacting 

(A) a silicon hydride described by formula R 1 a H b SiCl4_ a . b where each R 1 is independently selected from alkyls 
comprising one to 20 carbon atoms, cycloalkyls comprising four to 12 carbon atoms, and aryls; a=0 to 3, b=1 
to 3, and a+b=1 to 4; and 

(B) an unsaturated reactant selected from (i) unsaturated organic compounds, (ii) silicon compounds com- 
prising unsaturated organic substituents, and (iii) mixtures of (i) and (ii); 

in the presence of a platinum catalyst selected from platinum compounds or platinum complexes, and an accel- 
erator selected from acetylenic alcohols described bv formulae 



2_ 



(CR%) f ~CHC-C-OH 



OH 

I 



R 2 - ( CR° 2 ) £ -CsC-C- ( CH 2 ) n -[ 



* • 



C=C-C-OH 
R 



and 



OH 

I 



CHC-C-(CH 2 ) n - 1 



silated acetylenic alcohols described by formulae 
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or 



R 3 



c=c-c-osiR 4 c H d ci 3 _ c _ d 



R 3 



and acetylenic ethers described by formulae 



R 2 - ( CR 6 2 ) f -CsC-C-OR 5 

R 



or 



CHC-CrOR 5 



where R 2 is selected from hydrogen, hydroxyl, substituted and unsubstituted alkyls comprising one to 20 carbon- 
atoms, and substituted or unsubstituted alkoxys comprising one to 20 carbon atoms; each R 3 is independently 
selected from hydrogen, alkyls comprising one to 20 carbon atoms, cycloalkyls comprising four to 20 carbon atoms, 
and aryls; each R 4 is an independently selected alkyl or cycloalkyl comprising no more than 20 carbon atoms; R 5 
is a monovalent hydrocarbon radical comprising one to 20 carbon atoms or a heterocyclic hydrocarbon radical 
having a carbon to oxygen bond and each R6 is independently selected from hydrogen and R 1 , c=0 to 3, d=0 to 
3, c+d=0 to 3, e=1 to 4, f=0 to 10 and n=4 to 12. 

A process according to claim 1 where the silicon hydride is selected from trimethylsilane, dimethylsilane, triethyl- 
silane, dichlorosilane, trichlorosilane, methyldichlorosilane, dimethylchlorosilane, ethyldichlorosilane, cyclopentyl- 
dichlorosilane, methylphenylchlorosilane and (SAS-trifluoropropyl^ichlorosilane. 

A process according to claim 1 where the unsaturated reactant is selected from unsubstituted cycloalkene com- 
pounds comprising at least four carbon atoms, substituted cycloalkene compounds comprising at least four carbon 
atoms, linear alkene compounds comprising two to 30 carbon atoms, and branched alkene compounds comprising 
four to 30 carbon atoms. 

A process according to claim 1 where the process is run with 0.1 to ten percent stoichiometric excess of silicon 
hydride relative to unsaturated carbon-carbon linkages of the unsaturated reactant. 

A process according to claim 1 where the platinum catalyst is selected from chloroplatinic acid, chloroplatinic acid 
hexahydrate and platinum divinylsiloxane complexes. 
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6. A process according to claim 1 where substituent R 2 of the accelerator is selected from hydrogen and alkyls com- 
prising one to six carbon atoms. 

7. A process according to claim 1 where each substituent R 3 of the accelerator is independently selected from hy- 
s drogen, alkyls comprising one to six carbon atoms and phenyl. 

8. A process according to claim 1 where substituent R 4 of the accelerator is selected from methyl and cyclopentyl. 

9. A process according to claim 1 where substituent R 5 of the accelerator is selected from methyl, ethyl, tert-butyl, 
10 cyclopentyl, cyclohexyl, phenyl, naphthyl and tetrahydrofuranyl. 

10. A process according to claim 1 where the concentration of the accelerator is within a range of 0.01 to 20 weight 
percent on the weight of the unsaturated reactant. 

15 11. A process according to claim 1 where the process is conducted at a temperature within a range of -10°C. to 220°C. 

Patentanspruche 

20 1. HydrosilylierungsprozeB umfassend Inkontaktbringen 

(A) eines Siliciumhydrids, beschrieben durch die Formel R 1 a H b SiCI 4 . a . b , worin jedes R 1 unabhangig ausge- 
wahlt ist aus Alkylgruppen mit 1 - 20 Kohlenstoffatomen, Cycloalkylgruppen mit 4 - 12 Kohlenstoffatomen und 
Arylgruppen, a gleich 0 bis 3, b gleich 1 bis 3 ist, und a+b gleich 1 bis 4 ist und 
25 (B) eines ungesattigten Reaktanten, ausgewahlt aus (i) ungesattigten organischen Verbindungen, (ii) Silici- 

umverbindungen mit ungesattigten organischen Substituenten und (iii) Mischungen aus (i) und (ii) in der Ge- 
genwart eines Platinkatalysators, ausgewahlt aus Platinverbindungen oder Platinkomplexen und einem Be- 
schleuniger, ausgewahlt aus acetylenischen Alkoholen, beschrieben durch die Formeln 

30 



35 



R 2 -(CR 6 2 ) f -C=C— 



l 

C-0H 
R 3 



40 



R 2 -(CR 6 2 ) f -C=C— 



OH 
l 

c- 



(CH 2 ) n 



4S 



SO 



c=c— 



R J 
I 

C-OH 
R 3 



und 



ss 
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OH 
l 

C=C— C— (CH 2 ) n 



I 



□ 



silylierten acetylenischen Alkoholen beschrieben durch die Formeln 



6 \ _ r =r — r — n-- 



r-(CR° 2 ) f -C=C 



R 3 
I 

c-o- 
I, 

R 



SiR c Hp4. c .|j. e 



e 



oder 



R J 

C= C - G— 0— Si R c H d G 1 3 . c . d 



l 

R" 



J 2 



und und acetylenischen Ethern beschrieben durch die Formeln, 



R 2 -(CR 6 ?) f -C=C-^- 



R- 
I 

C 



OR- 



oder 



c=c 



I 

I 



= r— r— OR 5 



J 2 



worin R 2 ausgewahlt ist aus Wasserstoff, Hydroxyl, substituierten und unsubstituierten Alkylgruppen mit 1 - 
20 Kohlenstoffatomen, und substituierten oder unsubstituierten Alkoxygruppen mit 1 - 20 Kohlenstoffatomen, 
jedes R 3 unabhangig voneinander ausgewahlt ist aus Wasserstoff, Alkylgruppen mit 1 - 20 Kohlenstoffatomen. 
Cycloalkylgruppen mit 4 - 20 Kohlenstoffatomen und Arylgruppen, jedes R 4 ein unabhangig ausgewahltes 
Alkyl oder Cycloalkyl mit nicht mehr als 20 Kohlenstoffatomen ist, R 5 ein monovalenter Kohlenwasserstoffrest 
mit 1 - 20 Kohlenstoffatomen oder ein heterocyclischer Kohlenwasserstoffrest mit einer Kohlenstoff-Sauer- 
stoffbindung ist und jedes R 6 unabhangig ausgewahlt ist aus Wasserstoff und R 1 , c gleich 0 bis 3 ist, d gleich 
0 bis 3 ist, c-kJ gleich 0 bis 3 ist, e gleich 1 bis 4 ist, f gleich 0 bis 10 ist und n gleich 4 bis 12 ist. 



Verfahren nach Anspruch 1, wobei das Siliciumhydrid ausgewahlt ist aus Trimethylsilan, Dimethylsilan, Triethyl- 
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silan, Dichlorsilan, Trichlorsilan, Methyldichlorsilan, Dimethylchlorsilan, Ethyldichlorsilan, Cyclopentyldichlorsilan, 
Methylphenylchlorsilan und (3,3,3-Trifluoipropyl)dichlorsilan. 

3. Verfahren nach Anspruch 1 , wobei der ungesattigte Reaktant ausgewahlt ist aus unsubstituierten Cycloalkenver- 
5 bindungen mit mindeslens vier Kohlenstoffatomen, substituierten Cycloalkenverbindungen mrt mindestens vier 

Kohlenstoffatomen, linearen Alkenverbindungen mrt zwei bis 30 Kohlenstoffatomen und verzweigten Alkenverbin- 
dungen mrt vier bis 30 Kohlenstoffatomen. 

4. Verfahren nach Anspruch 1, wobei das Verfahren mrt einem 0,1 bis 10% stochiometrischen UberschuG von Sili- 
10 ciumhydrid im Bezug auf ungesattigte Kohlenstoff-Kohlenstoff-Verknupfungen des ungesattigten Reaktanten 

durchgefuhrt wird. 

5. Verfahren nach Anspruch 1 , wobei der Platinkatalysator ausgewahlt ist aus Chloroplatinsaure, Chloroplatinsaure- 
hexahydrat und Platindivinylsiloxankomplexen. 

75 

6. Verfahren nach Anspruch 1 , wobei Substituent R 2 des Beschleunigers ausgewahlt ist aus Wasserstoff und Alkyl- 
gruppen mit ein bis sechs Kohlenstoffatomen. 

7. Verfahren nach Anspruch 1 , worin jeder Substituent R 3 des Beschleunigers unabhangig ausgewahlt ist aus Was- 
20 serstoff, Alkylgruppen mrt ein bis sechs Kohlenstoffatomen und Phenyl. 

8. Verfahren nach Anspruch 1 , worin Substituent R 4 des Beschleunigers ausgewahlt ist aus Methyl und Cyclopentyl. 

9. Verfahren nach Anspruch 1, wobei Substituent R 5 des Beschleunigers ausgewahlt ist aus Methyl, Ethyl, t-Butyl, 
25 Cyclopentyl, Cyclohexyl, Phenyl, Naphthyl und Tetrahydrofuranyl. — 

10. Verfahren nach Anspruch 1, wobei die Konzentration des Beschleunigers im Bereich von 0,01 bis 20 Gewichts- 
prozent bezogen auf das Gewicht des ungesattigten Reaktanten betragt. 

30 11. Verfahren nach Anspruch 1 , wobei das Verfahren bei einer Temperatur im Bereich von -10°C bis 220°C durchge- 
fuhrt wird. 



Revendicatlons 

35 - ■ " :?..y.V-"- 

1. Proc§d§ d'hydrosilylation consistant k mettre en contact 

(A) un hydrure de silicium ayant laformule R 1 a H b SiCl4. a . b dans lequel chaque R 1 est choisi ind§pendamment 
parmi les groupes alkyles comprenant un k 20 atomes de carbone, les groupes cycloalkyles comprenant 

40 quatre k 12 atomes.de carbone, et les groupes aryles; a=0 h 3, b=1 k 3, et a+b=1 k 4; et 

(B) un reactif insaturS choisi parmi (i) les composes organiques insatur6s, (ii) les composes du silicium com- 
prenant des substituants organiques insatur6s et (iii) les melanges de (i) et de (ii); en presence d'un catalyseur 
au platine choisi parmi les composes du platine ou les complexes du platine, et un accelSrateur choisi parmi 
les alcools ac6ty!6niques ayant les formules 



45 



R 3 



so 



R 2 - (CR 6 n ) f -CHC-C-OH 
1 Z R J 
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R 3 

CSC-C-OH 
R 



et 




les alcools acetyleniques silyles ayant les formules 



R 2 -( CR 6 2 ) f -CsC-C-O 



SiR 4 c H d Cl 4 _ c _ d _ e 



ou 



CsC-CrOSiR 4 r H ri Cl, 
R 3 C d 3 



et les ethers acetyleniques ayant les formules 



CHC-CrOR 5 



dans lesquelles R 2 est choisi parmi un alome d'hydrogfcne, le groupe hydroxyle, les groupes alkyles substitu6s 
et non substitu6s comprenant un k 20 atomes de carbone, et les groupes alcoxy substltu§s et non substitu6s 
comprenant un k 20 atomes de carbone; chaque R 3 est choisi ind6pendamment parmi un atome d'hydrog&ne, 
les groupes alkyles comprenant un k 20 atomes de carbone, cycloalkyles comprenant quatre k 20 atomes de 
carbone, et aryles; chaque R 4 est choisi indSpendamment parmi un groupe aryle ou cycloalkyle ne comprenant 
pas plus de 20 atomes de carbone; R 5 est un radical hydrocarbon^ monovalent comprenant un k 20 atomes 
de carbone ou un radical hydrocarbon^ h6t£rocyclique poss6dant une liaison carboneoxygfcne et chaque R 6 
est choisi indSpendamrnent parmi un atome d'hydrogfcne et R 1 , c=0 k 3, d=0 k 3, c+d=0 k 3, e=1 k 4, f=0 k 
10etn=4& 12. 
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2. Proc§d6 selon la revendication 1, dans lequel I'hydrure de silicium est choisie parmi le trim&hylsilane, le dim6- 
thylsilane, le trtethylsilane, le dichlorosilane, le trichlorosilane, le mSthyldichlorosilane, le dim§thyl-chlorosilane, 
I'ethyldichlorosilane, le cyclopentyl-dichlorosilane, le m6thylph6nylchlorosilane et le (3,3,3-trifluoropropyl)dichlo- 
rosilane. 

3. Proc§d6 selon la revendication 1 , dans lequel le r6actif insatur6 estrchoisi parmi tes composes cycloalc&nes non 
substituSs comprenant au moins quatre atomes de carbone, les composes cycloalc^nes substituSs comprenant 
au moins quatre atomes de carbone, les composes alc^nes Iin6ajres comprenant deux k 30 atomes de carbone, 
et les composes alcfenes ramifies comprenant quatre k 30 atomes de carbone. 

4. Proc§d6 selon la revendication 1, dans lequel le proced6 est realisS •aveQ.uni'exc&s de 0,1 a 10 pourcent par 
rapport k la quantity stoechiom§trique d'hydrure de silicium par rapport aux liaisons carbone-carbone insatur^es 
du r^actif insatur6. 

5. Proc6d6 selon la revendication 1 , dans lequel le catalyseur au platine est choisi parmi I'acide chloroplatinique, 
Thexahydrate de I'acide chloroplatinique et les complexes divinylsiloxane platine. 

6. Proc6d§ selon la revendication 1 , dans lequel le substituant R 2 de Pacc6lerateur est choisi parmi un atome d'hy- 
drog&ne et les groupes alkyles comprenant un k six atomes de carbone. 

7. Proc6d6 selon la revendication 1 , dans lequel chaque substituant R 3 de I'acc§l6rateur est choisi indSpendamment 
parmi un atome d'hydrog&ne, les groupes alkyles comprenant un k six atomes de carbone et le groupe ph§nyle. 

8. Proc§d6 selon la revendication 1, dans lequel le substituant R 4 de I'accelerateur est choisi parmi les groupes 
• m6thyle et cyclopentyle. .... 

9. Proc§d6 selon la revendication 1, dans lequel le substituant R 5 de I'acc6l§rateur est choisi parmi les groupes 
m&hyle, ethyle, tert-butyle, cyclopentyle, cyclohexyle, ph§nyle, naphtyle et tetrahydrofuranyle. 

10. Proc6d6 selon la revendication 1, dans lequel la concentration en acc6lerateur est dans une gamme de 0,01 k 20 
pourcent en poids par rapport au poids du rSactif insatur6. 

11. Proc6de selon la revendication 1, dans lequel le proc§d§ est conduit k une temperature dans la plage de - 10°C 
a220°C -,. 
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